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SEMICONDUCTOR DEVICES AND METHODS FOR 
MANUFACTURING THE SAME 



Inventor: YutakaMaruo 

Japanese patent application no. 1 1-294126, filed October 15, 1999, is hereby 
incorporated by reference in its entirety. 



Technical Field 

10 The present invention relates to devices and methods for manufacturing 

semiconductor devices, and more particularly, to devices and methods for manufacturing 
semiconductor devices having element isolation regions. 

Background 

15 In recent years, with a further miniaturization of MOS transistors being pursued, a 

further miniaturization of a region for isolating semiconductor elements from one another is 
needed. In order to achieve the miniaturization of the region, a variety of trench element 
isolation techniques are considered. In a typical trench element isolation technique, a trench 
is provided on a substrate between semiconductor elements, and an insulation material is 

20 filled in the trench to isolate the semiconductor elements from one another. One example of 
the technique is described below. 

Figs. 34 through 37 schematically show in cross section steps of forming a trench 
element isolation region 123 in which a conventional trench element isolation technique 
(hereafter referred to as "conventional technique") is conducted. 

25 First, as shown in Fig. 34, a pad layer 112 and a stopper layer 1 14 are successively 

deposited on a silicon substrate 110. Then, a resist layer RIO having a specified pattern is 
formed on the stopper layer 1 14. The stopper layer 114 and the pad layer 1 12 are etched, 
using the resist layer RIO as a mask. 

Then, as shown in Fig. 35, the resist layer RIO is removed by an ashing step. Then, 

30 the silicon substrate 1 10 is etched, using the stopper layer 1 14 as a mask to form a trench 
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116. Then, an exposed surface of the silicon substrate 1 10 in the trench 1 16 is thermally 
oxidized to form a trench oxide film 118. 

Then, as shown in Fig. 36, an insulating layer 120 is deposited over the entire surface 
in a manner to embed the trench 116. Then, the insulating layer 120 is planarized, using the 
5 stopper layer 1 14 as a stopper. Then, the stopper layer 1 14 is removed by using a heated 
phosphoric acid. 

Then, protruded portions 122 of the insulating layer are isotropically etched by an 
etchant including a hydrofluoric acid. As a result, the trench element isolation region 123 
shown in Fig. 37 is formed. It is noted that the protruded portions 122 of the insulating layer 
10 are portions of the insulating layer 120 that protrude from the surface of the silicon substrate 
C; 1 1 0 in a region where elements are formed. 

01 However, according to the conventional technique, the following problems occur. 

Fig. 38 schematically shows an expanded view of a portion C of Fig. 37. When the 
y* protruded portions 122 of the insulating layer are isotropically etched, a recess 125 is 

C j 15 generated in an upper end section of the insulating layer 120. The further the protruded 
!\ portions 122 of the insulating layer are isotropically etched, the deeper the recess 125 

© becomes. As the recess 125 becomes deeper, the trench oxide layer 1 18 is gradually 

jj removed in the depth direction of the trench 1 16 due to the following reasons. 

W As the recess 125 becomes deeper, the trench oxide film 1 1 8 is more exposed in the 

20 direction of the depth of the trench 1 1 6. The trench oxide film 1 1 8 and the insulating layer 
120 are formed from the same materials, such as silicon oxide. Therefore, the exposed 
portion of the trench oxide film 1 18 comes in contact with the etchant, and is isotropically 
etched. As a result, the deeper the recess 125 becomes, the deeper the trench oxide film 1 1 8 
is removed in the depth direction. When the trench oxide film 1 1 8 is removed and the 
25 trench oxide film 1 18 becomes thinner, problems in the transistor characteristics, such as the 
inverse narrow channel effect, humps and the like, occur. 



Summary 

One embodiment relates to a method for manufacturing a semiconductor device 
30 having a trench element isolation region including a trench and a trench insulating layer that 



2 



U.S. Express Mail No. EL484106485US 15.20/5332 

fills the trench, the method including the steps of (A) forming a polishing stopper layer over 
a substrate, the polishing stopper layer having a predetermined pattern for a chemical- 
mechanical polishing; (B) removing a part of the substrate using a mask layer including at 
least the polishing stopper layer as a mask to form a trench; (C) forming a trench oxide film 
over a surface of the substrate that forms the trench; (D) forming an insulating layer that fills 
the trench over an entire surface of the substrate; (E) polishing the insulating layer by a 
chemical-mechanical polishing; (F) removing the polishing stopper layer; and (G) etching a 
part of the insulating layer to form a trench insulating layer, wherein the method further 
includes the step (a) of forming an etching stopper layer for the trench oxide film over at 
least a portion of the trench oxide film and wherein, in the step (G), the etching stopper layer 
is more resistant to the etching than the insulating layer. 

Another embodiment relates to a semiconductor device comprising trench element 
isolation regions, wherein at least one of the trench element isolation regions has a trench 
oxide film formed on a surface of a substrate that forms a trench and a trench insulating 
layer formed in the trench, wherein an etching stopper layer is formed such that a surface of 
the trench oxide film on a side wherein the trench insulating layer is formed is not exposed. 

Another embodiment relates to a semiconductor device comprising trench element 
isolation regions, wherein at least one of the trench element isolation regions includes a 
trench oxide film formed on a surface of a substrate that forms a trench and a trench 
insulating layer formed in the trench. The device also includes an etching stopper layer 
formed between the trench oxide film and the trench insulating layer. 

Still another embodiment relates to a method for manufacturing a semiconductor 
device, including forming a trench comprising a lower surface and two side surfaces in a 
substrate comprising silicon and forming a trench oxide layer on the lower surface and side 
surfaces. The method also includes forming an etch stop layer in direct contact with the 
trench oxide layer on the lower surface and side surfaces, and filling the trench with an 
insulating layer directly contacting the etch stop layer, wherein the insulating layer overfills 
the trench and extends above the trench as defined by the two side surfaces. The method 
also includes etching the insulating layer using an etchant that selectively etches the etch 
stop layer at a rate that is slower than that of the insulating layer. 
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Brief Description of the Drawings 

Certain embodiments of the invention are described with reference to the 
accompanying drawings which, for illustrative purposes, are schematic and not necessarily 
drawn to scale. 

5 Figs. 1-23 schematically show in cross section steps of manufacturing a 

semiconductor device in accordance with a first embodiment of the present invention. 

Fig. 24 schematically shows in cross section the semiconductor device in accordance 
with the first embodiment of the present invention. 

Figs. 25-31 schematically show in cross section steps of manufacturing a 
10 semiconductor device in accordance with a second embodiment of the present invention. 
Fig. 32 schematically shows an expanded view of section B of Fig. 31. 
Fig. 33 schematically shows in cross section the semiconductor device in accordance 
with the second embodiment of the present invention. 

Figs. 34-37 schematically show in cross section steps of manufacturing a 
15 semiconductor device in the conventional technique. 

Fig. 38 illustratively shows an expanded view of portion C of Fig. 37. 

Detailed Description 

Certain embodiments relate to semiconductor devices and methods for 
20 manufacturing the same that suppress the problems described in the background section 
related to transistor characteristics. 

One embodiment provides a method for manufacturing a semiconductor device 
having a trench element isolation region including a trench and a trench insulating layer that 
fills the trench. The method comprises steps of: forming a polishing stopper layer having a 
25 predetermined pattern for a chemical-mechanical polishing over a substrate; removing a part 
of the substrate, using a mask layer including at least the polishing stopper layer as a mask, 
to form a trench; forming a trench oxide film over a surface of the substrate that form the 
trench; forming an insulating layer that fills the trench over an entire surface of the substrate; 
polishing the insulating layer by a chemical-mechanical polishing; removing the polishing 
30 stopper layer; and etching a part of the insulating layer to form a trench insulating layer, 
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wherein the method further includes the step of forming an etching stopper layer for the 
trench oxide film over the trench oxide film at least above the trench, and wherein the 
etching stopper layer is more difficult to be etched compared with the insulating layer. 
In accordance with the method described above, the trench oxide film is more 
5 difficult to be removed compared with the conventional technique. Reasons for this are 
described below. With the conventional technique a recess is created at an upper end 
section of the insulating layer, as shown in Fig. 38. However, in accordance with the 
embodiment described above, an etching stopper layer for the trench oxide film is formed 
over the trench oxide film at least above the trench. The etching stopper layer is more 

10 resistant to etching than the insulating layer. Therefore, even when a recess is formed in a 
upper end section of the insulating layer, the contact of the etchant with the trench oxide 
film from one side (from the side of the recess) is suppressed when compared with the 
conventional technique due to the presence of the formed etching stopper layer. In other 
words, etching of the trench oxide film from the side is difficult to progress. Therefore, in 

15 accordance with the method described above, the trench oxide layer is more difficult to be 
removed compared with the conventional technique. As a result, the method provides a 
semiconductor device in which deficiencies in the transistor characteristics, such as the 
inverse narrow channel effect and humps, are suppressed. 

Also, in accordance with the method described above, the etching of the trench oxide 

20 film from the side is difficult to progress. Accordingly, the trench oxide film can be made 
thinner. As a result, the method is particularly useful when the miniaturization of 
semiconductor devices is sought. More particularly, the method is particularly useful when 
the design rule is 0,18|im or less. 

Also, a selective etching ratio of the insulating layer with respect to the etching 

25 stopper layer (an etching rate of the insulating layer divided by an etching rate of the etching 
stopper layer) may preferably be ten (10) or greater. The etching stopper layer is hardly 
etched, if at all, with such a selection ratio. Therefore, the contact of the etchant with the 
trench oxide film in a lateral direction is inhibited, and the etching of the trench oxide film 
in the lateral direction hardly progress. As a result, the method provides a semiconductor 
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device in which deficiencies in the transistor characteristics, such as the inverse narrow 
channel effect and humps, are suppressed or not generated. 

The etching stopper layer may be formed in a manner to cover a surface of the trench 
oxide film. Also, another layer may be provided between the etching stopper layer and the 
5 trench oxide film. 

The etching stopper layer may be formed in accordance with one of the following 
two preferred embodiments. 

First, the etching stopper layer is a silicon nitride layer in accordance with one of the 
embodiments. The silicon nitride layer has a thickness of 10 - 50 nm, for example. 
10 Second, the etching stopper layer is a non-monocrystal silicon layer in accordance 

with the other of the embodiments. For example, the non-monocrystal silicon layer is a 
polycrystal silicon layer, an amorphous silicon layer or a multiple layer having a polycrystal 
silicon layer and an amorphous silicon layer. The non-monocrystal silicon layer has a 
thickness of 20 - 50 nm, for example. Also, in this embodiment, the method may further 
15 include, after etching a part of the insulating layer to form a trench insulating layer, a step 
for thermally oxidizing a portion of the non-monocrystal layer that protrudes from the 
surface of the substrate in a element forming region to form a silicon oxide film. By 
conducting the thermal oxidation step, the silicon oxide film can be removed at the same 
time when etching a part of the insulating layer to form a trench insulating layer is 
20 conducted. As a result, the portion of the non-monocrystal layer that protrudes from the 
surface of the substrate in the element forming region can be readily removed. 

Semiconductor devices according to certain embodiments of the present invention 
may have structures such as those described below, for example. 

In accordance with one embodiment, a semiconductor device has trench element 
25 isolation regions, wherein at least one of the trench element isolation regions has a trench 
oxide film formed on a surface of a substrate that forms a trench, and a trench insulating 
layer formed in the trench, wherein an etching stopper layer is formed at least over the 
trench such that a surface of the trench oxide film on the side wherein the trench insulating 
layer is formed is not exposed. 
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Also, in accordance with another embodiment, a semiconductor device has trench 
element isolation regions, wherein at least one of the trench element isolation regions has a 
trench oxide film formed on a surface of a substrate that forms a trench, a trench insulating 
layer formed in the trench, and an etching stopper layer formed between the trench oxide 
5 film and the trench insulating layer. 

As a result, the semiconductor device of certain embodiments suppresses 
deficiencies in the transistor characteristics, such as the inverse narrow channel effect and 
humps. 

Further, the etching stopper layer may preferably be formed from a material that 
10 makes a selection ratio of the insulating layer with respect to the etching stopper layer (an 
etching rate of the insulating layer / an etching rate of the etching stopper layer) to be ten 
(10) or greater when an etchant including, for example, hydrofluoric acid, is used. The 
semiconductor device having an etching stopper layer formed from such a material 
minimizes or does not cause deficiencies in the transistor characteristics, such as the inverse 
15 narrow channel effect and humps. 

The etching stopper layer may be formed on a surface of the trench oxide film. Also, 
another layer may be provided between the etching stopper layer and the trench oxide film. 

Also, the etching stopper layer may be formed in the same manner (in terms of the 
material and the thickness) as described above in the embodiments of the methods for 
20 manufacturing semiconductor devices. 

Preferred embodiments of the present invention are described below with reference 
to the accompanying drawings. 

A semiconductor device in accordance with a first illustrated embodiment of the 
present invention will be described below. Fig. 24 shows a semiconductor device 100 in 
25 accordance with the first device embodiment. 

The semiconductor device 100 includes a trench element isolation region 23, an n- 
type MOS element 80 and a p-type MOS element 82. 

The trench element isolation region 23 includes a trench 16 formed in a silicon 
substrate 10, and the trench 16 is filled with a trench isolation layer 20. The trench element 
30 isolation region 23 isolates the MOS elements from one anther, and plays a role of defining 



7 



U.S. Express Mail No. EL484106485US 15.20/5332 

element regions. A trench oxide film 18 and a silicon nitride layer 90 that functions as an 
etching stopper layer for the trench oxide film 1 8 are interposed between the silicon 
substrate 10 and the trench insulating layer 20. The silicon nitride layer 90 is formed in such 
a manner to cover the trench oxide film 1 8. A p-type retrograded well 32 is formed in one 

5 element forming region on one side of the trench element isolation region 23 as a border, 
and an n-type retrograded well 30 is formed in the other element forming region. 

The n-type MOS element 80 is formed over the p-type retrograded well 32, and the 
p-type MOS element 82 is formed over the retrograded well 30. 

The n-type MOS element 80 includes a gate oxide film 28, a gate electrode 46 and an 

10 n-type impurity diffusion layer 50. The gate oxide film 28 of the n-type MOS element 80 is 
formed over the p-type retrograded well 32. The gate electrode 46 is formed over the gate 
oxide film 28. The gate electrode 46 is formed from a polysilicon layer 40 and a metal 
silicide layer 42 formed over the polysilicon layer 40. Sidewall insulation films 70 are 
formed to cover sidewalls of the gate oxide film 28 and the gate electrode 46. The n-type 

15 impurity diffusion layer 50 forms source and drain regions. Also, the n-type impurity 
diffusion layer 50 has a low concentration n-type impurity diffusion layer 50a and a high 
concentration n-type impurity diffusion layer 50b, in other words, the n-type impurity 
diffusion region 50 has an LDD structure. 

The p-type MOS element 82 includes a gate oxide film 28, a gate electrode 46 and a 

20 p-type impurity diffusion layer 60. The gate oxide film 28 of the p-type MOS element 82 is 
formed over the n-type retrograded well 30. The gate electrode 46 and sidewalls 70 have the 
same structure as those of the n-type MOS element 80. The p-type impurity diffusion layer 
60 is p-type and other features are the same as those of the n-type impurity diffusion layer 
50. 

25 Next, a process for manufacturing the semiconductor device 100 in accordance with 

the first device embodiment is described. Figs. 1 through 23 illustrate manufacturing steps 
in cross-sectional views for manufacturing the semiconductor device 100. 

First, referring to Fig. 1, a pad layer 12 is formed over a silicon substrate 10. The 
pad layer 12 may be formed from a material, such as, for example, silicon oxide and silicon 

30 oxide nitride. When the pad layer 12 is formed from silicon oxide, the pad layer 12 can be 
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formed by a thermal oxidation method or a CVD method. When the pad layer 12 is formed 
from silicon oxide nitride, the pad layer 12 can be formed by a CVD method. The pad layer 
12 has a thickness of 5 - 20 nm, for example. 

Then, a polishing stopper layer 14 is formed over the pad layer 12. The polishing 
5 stopper layer 14 may be formed from a single layer structure composed of any one of the a 
silicon nitride layer, a polycrystal silicon layer and an amorphous silicon layer, or a multiple 
layered structure composed of at least two types of layers selected from a silicon nitride 
layer, a polycrystal silicon layer and an amorphous silicon layer. The polishing stopper 
layer 14 may be formed by a known method, such as a CVD method. The polishing stopper 
10 layer 14 has a sufficient film thickness that can function as a stopper in the chemical- 
M mechanical polishing process performed later, for example, a film thickness of 50 - 1 50 nm. 

Ef1 Then, as shown in Fig. 2, a resist layer Rl having a specified pattern is formed over 

K the polishing stopper layer 14. The resist layer Rl has an opening over a region where the 

^; trench 16 is formed. 

Si 15 Then, the polishing stopper layer 14 and the pad layer 12 are etched, using the resist 

J\ layer Rl as a mask. The etching is preferably conducted by a dry etching method. 

Then, the resist layer Rl is removed by an ashing. Then, as shown in Fig. 3, the 
jj silicon substrate 10 is etched, using the polishing stopper layer 14 as a mask to thereby form 

Jf a trench 16. The depth of the trench 16 may vary depending upon the design of the device, 

20 but may be 300 - 500 nm, for example. The silicon substrate 10 is preferably etched by a 
dry etching. 

Then, although not shown in the figure, end sections of the pad layers 12 that are 
interposed between the silicon substrate 10 and the polishing stopper layer 14 may be etched 
depending on the requirements. 

25 Then, as shown in Fig. 4, exposed surfaces of the silicon substrate in the trench 16 

are preferably oxidized by a thermal oxidation method, to thereby form a trench oxide film 
18. The trench oxide film 1 8 may have a film thickness of, for example, 1 0 - 50 nm, and 
more preferably, 10-30 nm. The film thickness of the trench oxide film between 10 nm 
and 30 nm is preferable for the miniaturization of semiconductor devices. More specifically, 

30 the film thickness of the trench oxide film ranging between 10 nm and 30 nm is preferable 
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when the design rule is 0.18|im or less. Also, as edge sections of the pad layer 12 are etched 
through the thermal oxidation, upper edge sections (shoulder sections) 10a of the silicon 
substrate 10 that defines the trench 16 are oxidized and rounded. As the upper edge sections 
10a of the silicon substrate 10 are rounded, a recess 21a (see Fig. 9) is more difficult to form 

5 at an upper end section of the trench insulating layer 20 that is described below. 

Then, a silicon nitride layer 90 is formed over the entire surface of the substrate 
including the surfaces of the trench oxide film 18. The silicon nitride layer 90 functions to 
suppress the removal of the trench oxide film 1 8 when an isotropic etching with a 
hydrofluoric acid is conducted in a later step that is described below. In other words, the 

10 silicon nitride layer 90 functions as an etching stopper layer for the trench oxide film 1 8 
when an isotropic etching with a hydrofluoric acid is conducted. The detail of the function 
of the silicon nitride layer 90 will be described later with the description of an isotropic 
etching of the pad layer 12. The silicon nitride layer 90 may be formed by known methods, 
for example, CVD (chemical vapor deposition) and PVD (physical vapor deposition). The 

15 silicon nitride layer 90 may not be limited to a specific thickness and may be of any 
thickness if the silicon nitride layer 90 can perform the function. Preferably, the silicon 
nitride layer 90 may have a film thickness of 10 - 50 nm. When the thickness of the silicon 
nitride layer 90 is 1 0 nm or greater, the silicon nitride layer 90 can securely perform the 
function as an etching stopper layer for the trench oxide film 18. When the thickness of the 

20 silicon nitride layer 90 is 50 nm or less, an insulating layer 21 (that is to be described later) 
can be better embedded in the trench 16. If the thickness of the silicon nitride layer 90 is 
greater than 50 nm, the trench 16 becomes narrow, and the aspect ratio of the trench 16 (the 
depth of the trench divided by the width of the trench) becomes great. This tends to make it 
more difficult to embed the insulating layer 21 in the trench 16. 

25 As shown in Fig. 5, an insulating layer 21 is deposited over the entire surface of the 

substrate in such a manner as to embed the trench 16. The insulating layer 21 may be 
formed from silicon oxide, for example. The insulating layer 21 may be formed to a film 
thickness sufficient to embed the trench 16 and at least cover the polishing stopper layer 14. 
For example, the insulating layer 21 may have a preferred film thickness of 500 - 800 nm. 

10 
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The insulating layer 21 may be deposited by methods such as, for example, a high-density 
plasma CVD method, a thermal CVD method, or a TEOS plasma CVD method. 

Then, as shown in Fig. 6, the insulating layer 21 is planarized by a CMP method. 
The planarization is conducted until the polishing stopper layer 14 is exposed. In other 
5 words, the insulating layer 2 1 is planarized, using the polishing stopper layer 1 4 as a 
stopper. 

Then, as shown in Fig. 7, the polishing stopper layer 14 is removed, using a heated 
phosphoric acid, for example. At the same time, protruded portions 92 of the silicon nitride 
layer (see Fig. 6) that protrude from the surface of the silicon substrate 10 in the device 

10 forming region are removed. After the polishing stopper layer 14 is removed, a portion of 
the insulating layer 21 that protrudes from the surface of the silicon substrate 10 in the 
device forming region remains. The portion of the insulating layer 21 that protrudes from 
the surface of the silicon substrate 10 in the device forming region will be referred to below 
as a "protruded portion 22 of the insulating layer". 

15 Next, as shown in Fig. 8, the pad layer 12 and the protruded portion 22 of the 

insulating layer are isotropically etched, using a hydrofluoric acid. Hereunder, the step of 
isotropic etching is referred to as the "step of light etching of the pad layer 12". 

In the step of light etching of the pad layer 12, the silicon nitride layer 90 performs 
the following functions. Fig. 9 illustratively shows an expanded view of section A of Fig. 8. 

20 When the protruded section 22 of the insulating layer is isotropically etched, a recess 21a is 
created at an upper end section of the insulating layer 21, as shown in Fig. 9. In the 
conventional technique, when a recess 21a is created, a trench oxide film 18 is exposed, and 
the exposed trench oxide film 18 is removed (see Fig. 38). However, in accordance with 
this embodiment, even when the recess 21a is created, the formed silicon nitride layer 90 

25 makes the trench oxide film 1 8 more difficult to be removed compared with the prior 
technique because of the following reasons. 

In accordance with this embodiment, the silicon nitride layer 90 is formed to cover 
the trench oxide film 18. The silicon nitride layer 90 is barely removed, if at all, by the 
hydrofluoric acid, compared with the insulating layer 21 . Therefore, even when the recess 

30 2 1 a is created, the silicon nitride layer 90 functions as an etching stopper layer to protect the 

11 
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trench oxide film 18, such that the surface 18a of the trench oxide film 18 on the side of the 
recess 21a is not exposed. Therefore, etching of the trench oxide film 18 in a lateral 
direction (from the side of the recess 21a) does not progress. As a result of the formation of 
the silicon nitride layer 90, the trench oxide film 18 becomes more difficult to be removed 
5 compared with the conventional technique. 

Next, as shown in Fig. 10, a sacrificial oxide layer 24 composed on silicon oxide on 
the exposed surface of the silicon substrate 10 by a thermal oxidation method. The 
sacrificial oxide layer 24 may have a film thickness of 10 - 20 nm, for example. 

Next, as shown in Fig. 1 1, a resist layer R2 having a specified pattern over surfaces 
10 of the sacrificial oxide layer 24 and the insulating layer 21 . The resist layer R2 defines an 

0 opening in a region that becomes an n-well. An n-type impurity, such as phosphorous and 

01 arsenic is implanted in the silicon substrate 1 0 once or several times, using the resist layer 
R2 as a mask, to thereby form an n-type retrograded well 30 in the silicon substrate 1 0. The 

M* retrograded well is a well that has a peak impurity concentration in a deep position of the 

Cj 15 silicon substrate 10. 

; As shown in Fig. 12, a resist layer R3 is formed over surfaces of the sacrificial oxide 

P layer 24 and the insulating layer 21 . The resist layer R3 defines an opening in a region that 

% becomes a p-well. A p-type impurity, such as boron is implanted in the silicon substrate 10 

C| once or several times, using the resist layer R3 as a mask, to thereby form an p-type 

20 retrograded well 32 in the silicon substrate 10. 

Then, as shown in Fig. 13, the sacrificial oxide film 24 and the protruded potion 22 
of the insulating layer are isotropically etched with a hydrofluoric acid or the like to form a 
trench insulating layer 20. As a result, a trench element isolation region 23 is formed. 
Hereunder, the step of isotropic etching is referred to as the "step of light etching of the 
25 sacrificial oxide film 24". In the step of light etching of the sacrificial oxide film 24, the 
silicon nitride layer 90 also performs the same function as in the step of light etching of the 
pad layer. 

When the step of light etching of the sacrificial oxide film 24 is completed, the 
recess 21a may preferably have a depth of 10 nm or less. When the depth of the recess 21a 
30 is 10 nm or less, deficiencies such as humps can be more securely suppressed. 
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Next, as shown in Fig. 14, an oxide film 26 is formed over surfaces of the silicon 
substrate 10 over the device forming regions that are defined by the trench element isolation 
region 23. A part of the oxide film 26 becomes a gate oxide film 28. 

Then, as shown in Fig. 15, a polycrystal silicon layer 40 is formed over the trench 
5 insulating layer 20 and the oxide film 26 by a CVD method or the like. The polycrystal 
silicon layer 40 is doped by a doping method. The doping may be performed by, for 
example, an in-situ doping method or an ion doping method. 

Next, a metal silicide layer 42 is formed over a surface of the polycrystal silicon 
layer 40. The metal silicide layer 42 may be formed from tungsten silicide, titanium silicide 
10 or molybdenum silicide by a sputtering method or a CVD method. 

Then, a silicon oxide layer 44 is formed over a surface of the metal silicide layer 42. 
The silicon oxide layer 44 may be formed by, for example, a CVD method. 

Then, as shown in Fig. 16, a resist layer R4 is formed over the silicon oxide layer 44 
to cover a region where a gate electrode 46 is to be formed. Then, the silicon oxide layer 44 
15 is etched, using the resist layer R4 as a mask. Then, as shown in Fig. 17, the resist layer R4 
is removed by an ashing method. 

Then, as shown in Fig. 18, the metal silicide layer 42 and the polycrystal silicon 
layer 40 are etched, using the silicon oxide layer 44 as a mask. In this manner, a gate 
electrode 46 composed of the polycrystal silicon layer 40 and the metal silicide layer 42 is 
20 formed. 

Next, as shown in Fig. 19, a resist layer R5 is formed to cover the n-type retrograded 
well 30. Ions, such as phosphorous ions are implanted in the p-type retrograded well 32, 
using the resist layer R5 as a mask. As a result, low-concentration n-type impurity diffusion 
layers 50a that compose source and drain are formed in the p-type retrograded well 32. 
25 After the resist layer R5 is removed, a resist layer R6 is formed to cover the p-type 

retrograded well 32, as shown in Fig. 20. Ions, such as boron ions are implanted in the n- 
type retrograded well 30, using the resist layer R6 as a mask. As a result, low-concentration 
p-type impurity diffusion layers 60a that compose source and drain are formed in the n-type 
retrograded well 30. 
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Then, the resist layer R6 is removed, and an insulating layer (not shown), such as a 
silicon nitride film, a silicon oxide film is formed over the entire surface of the substrate by 
a CVD method, for example. Then, as shown in Fig. 21, the insulating layer is 
anisotropically etched by a reactive ion etching or the like to form sidewall insulation films 
5 70. 

Then, as shown in Fig. 22, a resist layer R7 is formed to cover the n-type retrograded 
well 30. Ions, such as phosphorous ions are implanted in the p-type retrograded well 32, 
using the resist layer R7, the gate electrode 46 and the sidewall insulation films 70 as masks, 
to thereby form high concentration n-type impurity diffusion layers 50b. As a result, n-type 

10 impurity diffusion layers 50 with an LDD structure are formed. 

Then, the resist layer R7 is removed, and a resist R8 is formed to cover the p-type 
retrograded well 32, as shown in Fig. 23. Ions, such as boron ions are implanted in the n- 
type retrograded well 30, using the resist layer R8, the gate electrode 46 and the sidewall 
insulation films 70 as masks, to thereby form high concentration p-type impurity diffusion 

15 layers 60b. As a result, p-type impurity diffusion layers 60 with an LDD structure are 
formed. 

Then, the resist layer R8 is removed by an ashing. As a result, the semiconductor 
device 100 shown in Fig. 24 in accordance with the embodiment of the present invention is 
completed. 

20 This embodiment may provide the following characteristic features. Namely, the 

silicon nitride layer 90 that covers the trench oxide film 18 is formed as an etching stopper 
layer. By forming the silicon nitride layer 90, the trench oxide film 18 becomes difficult to 
be removed in a variety of light etching steps that use a hydrofluoric acid, because of the 
following reasons. 

25 Through conducting a variety of light etching steps using a hydrofluoric acid, a 

recess 21a is created at an upper end section of the insulating layer 21 (see Fig. 9). 
However, the trench oxide film 18 is covered by the silicon nitride layer 90. The silicon 
nitride layer 90 is barely removed, if at all, by hydrofluoric acid. In this respect, the silicon 
nitride layer 90 functions as an etching stopper layer to protect the trench oxide film 1 8, and 

30 the surface 1 8a of the trench oxide film 1 8 on the side of the recess 21a is not exposed, and 
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etching of the trench oxide film 18 in a lateral direction does not progress, such that the 
amount of the trench oxide film 1 8 that may be etched can be reduced. As a result, this 
embodiment provides a semiconductor device in which deficiencies in the transistor 
characteristics, such as the inverse narrow channel effect, humps, and the like, are 

5 suppressed or not generated. 

Also, in accordance with the method for manufacturing the semiconductor device of 
the first embodiment of the present invention, as described above, etching of the trench 
oxide film 18 from the side is difficult to progress. Accordingly, the trench oxide film 18 
can be made thinner. As a result, the method is particularly useful when the miniaturization 

l o of semiconductor devices is sought. More particularly, the method is particularly useful 
when the design rule is 0.1 8um or less. 

In the step of light etching of the pad layer 1 2, a hydrofluoric acid is used as an 
etchant. However, the etchant used in this light etching step is not limited to a hydrofluoric 
acid, and can be any etchant that can etch the pad layer 12 and the insulating layer 21 at the 

15 same time and provides a selection ratio between the silicon nitride layer 90 and the 
insulating layer 21 (an etching rate of the insulating layer / an etching rate of the silicon 
nitride layer) to be 10 or greater. When hydrofluoric acid is used, a variety of materials may 
be added to the hydrofluoric acid as long as the conditions described above are met. 

Also, in the step of light etching the sacrificial oxide film 24, the etchant used in the 

20 light etching step is not limited to a hydrofluoric acid, and can be any etchant that can etch 
the sacrificial oxide film 24 and the insulating layer 21 at the same time and provides a 
selection ratio between the silicon nitride layer 90 and the insulating layer 21 (an etching 
rate of the insulating layer / an etching rate of the silicon nitride layer) to be 10 or greater. 
When hydrofluoric acid is used, a variety of materials may be added to the hydrofluoric acid 

25 as long as the conditions described above are met 

A semiconductor device in accordance with a second device embodiment of the 
present invention is described below. Fig. 33 shows a semiconductor device 200 in 
accordance with the second device embodiment. 

In the first device embodiment, the silicon nitride layer 90 is used as an etching 

30 stopper layer for the trench oxide film 1 8. In accordance with a second device embodiment 
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of the present invention, a semiconductor device 200 uses a non-monocrystal silicon layer 
1 90 as an etching stopper layer for the trench oxide film 1 8. The non-monocrystal silicon 
layer may be a polysilicon layer, an amorphous silicon layer or a multiple layered structure 
including a polysilicon layer and an amorphous silicon layer. The semiconductor device 
200 of the second embodiment is different from the semiconductor device 100 of the first 
embodiment in that the non-monocrystal silicon layer 190 is formed instead of a silicon 
nitride layer 90. Other features are the same as those of the first embodiment. Accordingly, 
elements that have the same functions are referred to with the same reference numbers, and 
their descriptions are omitted. 

A method for manufacturing a semiconductor device in accordance with the second 
embodiment will be described below. The method for manufacturing a semiconductor 
device in accordance with the second device embodiment is different from the method for 
forming the first device embodiment in that a non-monocrystal silicon layer 190 is formed 
instead of a silicon nitride layer 90 as a layer to cover the trench oxide film 1 8. Figs. 25 - 
32 schematically show in cross section steps for manufacturing a semiconductor device of 
the second embodiment. 

First, the description will be made with reference to Fig. 25. The same steps as those 
of the method for forming the first device embodiment are conducted until the trench oxide 
film 18 is formed. 

Then, a non-monocrystal silicon layer 190 is formed over the entire surface of the 
substrate including the surfaces of the trench oxide film 18. The non-monocrystal silicon 
layer 190 is formed from a polysilicon layer, an amorphous silicon layer or a multiple 
layered structure including a polysilicon layer and an amorphous silicon layer. The non- 
monocrystal silicon layer 190 functions to suppress the removal of the trench oxide film 18 
when an isotropic etching with a hydrofluoric acid is conducted in a later step that is 
described below. In other words, the non-monocrystal silicon layer 190 functions as an 
etching stopper layer for the trench oxide film 1 8 when an isotropic etching with a 
hydrofluoric acid is conducted. The detail of the function of the non-monocrystal silicon 
layer 190 will be described later with the description of an isotropic etching of a sacrificial 
oxide layer 24. The non-monocrystal silicon layer 190 may be formed by, for example, a 



16 



U.S. Express Mail No. EL484106485US 15.20/5332 

CVD method. The non-monocrystal silicon layer 190 may not be limited to a specific 
thickness and may be of any thickness if the non-monocrystal silicon layer 1 90 can perform 
the function. Preferably, the non-monocrystal layer 190 may have a film thickness of 20 - 
50 nm. When the thickness of the non-monocrystal layer 190 is 20 nm or greater, the non- 

5 monocrystal layer 1 90 can securely perform the function as an etching stopper layer for the 
trench oxide film 18. When the thickness of the non-monocrystal layer 190 is 50 nm or less, 
an insulating layer 21 (that is to be described later) can be better embedded in the trench 16. 
In other words, if the thickness of the non-monocrystal silicon layer 190 is greater than 50 
nm, the trench 16 becomes narrow, and the aspect ratio of the trench 16 (the depth of the 

10 trench / the width of the trench) becomes great. This tends to make it more difficult to 
embed the insulating layer 21 in the trench 16. 

Then, as shown in Fig. 26, an insulating layer 21 composed of silicon oxide is 
deposited over the entire surface of the substrate in such a manner as to embed the trench 16. 
The insulating layer has the same features as those of the first device embodiment. 

15 Then, as shown in Fig. 27, the insulating layer 21 is planarized by a CMP method. 

The planarization is conducted until the polishing stopper layer 14 is exposed. In other 
words, the insulating layer 21 is planarized, using the polishing stopper layer 14 as a 
stopper. 

Then, as shown in Fig. 28, the polishing stopper layer 14 is removed, using a heated 
20 phosphoric acid, for example. After the polishing stopper layer 14 is removed, a portion of 
the insulating layer 21 that protrudes from the surface of the silicon substrate 10 remains. 
The portion of the insulating layer 21 that protrudes from the surface of the silicon substrate 
10 in the device forming region will be referred to below as a "protruded portion 22 of the 
insulating layer". 

25 Next, as shown in Fig. 29, the pad layer 12 and the protruded portion 22 of the 

insulating layer are isotropically etched, using a hydrofluoric acid. Hereunder, the step of 
isotropic etching is referred to as the "step of light etching of the pad layer 12". In 
accordance with the present embodiment, the sidewalls of the protruded portion 22 of the 
insulating layer are covered by the non-monocrystal silicon layers 190. The non- 
30 monocrystal silicon layer 190 is barely, if at all, removed by the hydrofluoric acid, compared 



U.S. Express Mail No. EL484106485US 15.20/5332 

with the insulating layer 21 . Therefore, the sidewall sections of the protruded section 22 of 
the insulating layer are protected by the non-monocrystal silicon layer 190, and are not 
removed. As a result, in accordance with the second embodiment of the present invention, a 
recess 21a (see Fig. 38) is not formed in the insulating layer 21 in the step of light etching of 

5 the pad layer 12. 

Next, as shown in Fig. 30, a sacrificial oxide layer 24 composed of silicon oxide on 
the exposed surface of the silicon substrate 10 by a thermal oxidation method. The 
sacrificial oxide layer 24 may have a film thickness of 10 - 20 nm, for example. A portion 
194 (see Fig. 29) that protrudes from the surface of the substrate in the element forming 

1 0 region is oxidized by the thermal oxidation, and a silicon oxide film 1 92 is formed, as shown 
in Fig. 30. The thermal oxidation method is not limited to a specific method, but it may 
preferably be conducted by a wet oxidation (in which a thermal oxidation is conducted 
under the presence of water vapor) or a dry oxidation (in which a thermal oxidation is 
conducted in an oxygen atmosphere or a mixed gas containing oxygen and an inert gas). 

15 The thermal oxidation temperature in the wet oxidation is 750 - 850°C, for example, 

depending on the controllability of the film thickness. The thermal oxidation temperature in 
the dry oxidation is 800 - 900°C, for example. The inert gas used in the dry oxidation 
includes, for example, at least one of helium, neon, argon and krypton. 

Then, an n-type retrograded well and a p-type retrograded well are formed in the 

20 same manner as for forming the first device embodiment. 

As shown in Fig. 3 1, the sacrificial oxide film 24, the protruded portion 22 of the 
insulating layer and the silicon oxide film 192 are isotropically etched by a hydrofluoric 
acid, to thereby form a trench insulating layer 20. As a result, a trench element isolation 
region 23 is formed. The step of isotropic etching is referred below as the "step of light 

25 etching the sacrificial oxide film 24". 

In step of light etching of the sacrificial oxide film 24, the non-monocrystal silicon 
layer 190 performs the following functions. Fig. 32 illustratively shows an expanded view 
of section B of Fig. 31. When the insulating layer 22 and the silicon oxide film 192 are 
isotropically etched, a recess 21a is created at an upper end section of the insulating layer 

30 2 1 , as shown in Fig. 32. In the conventional technique, when a recess 2 1 a is created, a 
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trench oxide film 18 is exposed, and the exposed trench oxide film 18 is removed (see Fig. 
38). However, in accordance with the embodiment of the present invention, even when the 
recess 21a is created, the formed non-monocrystal silicon layer 190 makes the trench oxide 
film 1 8 more difficult to be removed compared with the prior technique because of the 

5 following reasons. 

In accordance with this embodiment, the non-monocrystal silicon layer 190 is 
formed to cover the trench oxide film 18. The non-monocrystal silicon layer 190 is barely, 
if at all, removed by the hydrofluoric acid, compared with the insulating layer 21 . 
Therefore, even when the recess 21a is created, the non-monocrystal silicon layer 190 

10 functions as an etching stopper layer to protect the trench oxide film 1 8, such that the 
surface 18a of the trench oxide film 18 on the side of the recess 21a is not exposed. 
Therefore, etching of the trench oxide film 18 in a lateral direction (from the side of the 
recess 21a) does not progress. As a result of the formed non-monocrystal silicon layer 190, 
the trench oxide film 1 8 becomes more difficult to be removed compared with the 

15 conventional technique. 

When the step of light etching of the sacrificial oxide film 24 is completed, the 
recess 21a may preferably have a depth of 10 nm or less. When the depth of the recess 21a 
is 10 nm or less, deficiencies such as humps can be more securely suppressed. 

Gate electrodes, sources and drains are formed in the same manner as the first 

20 embodiment, whereby a semiconductor device 200 shown in Fig. 33 is completed. 

The embodiment may provide the following characteristic feature. Namely, the non- 
monocrystal silicon layer 190 that covers the trench oxide film 18 is formed. By forming 
the non-monocrystal silicon layer 190, the trench oxide film 18 becomes difficult to be 
removed in a variety of light etching steps. As a result, the embodiment provides a 

25 semiconductor device in which deficiencies in the transistor characteristic, such as the 
narrow inverse channel effect and humps, are suppressed to a minimum level or are not 
created. 

Also, in accordance with the method for manufacturing the semiconductor device of 
the embodiment described above, etching of the trench oxide film 18 from the side is 
30 difficult to progress. Accordingly, the trench oxide film 18 can be made thinner. As a 
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result, the method is particularly useful when the miniaturization of semiconductor devices 
is sought. More particularly, the method is particularly useful when the design rule is 0.18 
um or smaller. 

In the step of light etching of the pad layer 12, a hydrofluoric acid is used as an 
5 etchant. However, the etchant used in this light etching step is not limited to a hydrofluoric 
acid, and can be any etchant that can etch the pad layer 12 and the insulating layer 21 at the 
same time and provides a preferred selection ratio between the non-monocrystal silicon 
layer 190 and the insulating layer 21 (an etching rate of the insulating layer / an etching rate 
of the non-monocrystal silicon layer) to be 10 or greater. When hydrofluoric acid is used, a 
1 0 variety of materials may be added to the hydrofluoric acid as long as the condition described 
above is met. 

Also, in the light etching of the sacrificial oxide film 24, the etchant is not limited to 
a hydrofluoric acid, and can be any etchant that can etch the sacrificial oxide layer 24 and 
the insulating layer 21 at the same time and provides a preferred selection ratio between the 

1 5 non-monocrystal silicon layer 1 90 and the insulating layer 2 1 (an etching rate of the 

insulating layer / an etching rate of the non-monocrystal silicon layer) to be 10 or greater. 
When hydrofluoric acid is used, a variety of materials may be added to the hydrofluoric acid 
as long as the condition described above is met. 

The present invention is not limited to the embodiments described above, but is 

20 applicable to other embodiments within the scope of the subject matter of the present 
invention. 
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What is claimed: 

1 1. A method for manufacturing a semiconductor device having a trench element 

2 isolation region including a trench and a trench insulating layer that fills the trench, the 

3 method comprising the steps of: 

4 (A) forming a polishing stopper layer over a substrate, the polishing stopper layer 

5 having a predetermined pattern for a chemical-mechanical polishing; 

6 (B) removing a part of the substrate using a mask layer including at least the 

7 polishing stopper layer as a mask to form a trench; 

8 (C) forming a trench oxide film over a surface of the substrate that forms the trench; 

9 (D) forming an insulating layer that fills the trench over an entire surface of the 

10 substrate; 

1 1 (E) polishing the insulating layer by a chemical-mechanical polishing; 

12 (F) removing the polishing stopper layer; and 

13 (G) etching a part of the insulating layer to form a trench insulating layer, 

14 wherein the method further includes the step (a) of forming an etching stopper layer 

15 for the trench oxide film over at least a portion of the trench oxide film, and wherein, in the 

16 step (G), the etching stopper layer is more resistant to the etching than insulating layer. 

1 2. A method for manufacturing a semiconductor device according to claim 1 , 

2 wherein, in the step (G), a selective etching ratio of the insulating layer with respect to the 

3 etching stopper layer is 1 0 or greater. 

1 3 . A method for manufacturing a semiconductor device according to claim 1 , 

2 wherein the etching stopper layer is formed to cover a side surface of the trench oxide film. 



1 



4. A method for manufacturing a semiconductor device according to claim 1 , 



2 wherein the etching stopper layer is a silicon nitride layer. 
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5 . A method for manufacturing a semiconductor device according claim 4, 
wherein the silicon nitride layer has a thickness of 10 - 50 nm. 

6. A method for manufacturing a semiconductor device according to claim 1 , 
wherein the etching stopper layer is a non-monocrystal silicon layer. 

7. A method for manufacturing a semiconductor device according claim 6, 
wherein the non-monocrystal silicon layer is selected from the group consisting of a 
polycrystal silicon layer, an amorphous silicon layer or a multiple layer having a polycrystal 
silicon layer and an amorphous silicon layer. 

8. A method for manufacturing a semiconductor device according claim 6, 
wherein the non-monocrystal silicon layer has a thickness of 20 - 50 nm. 

9. A method for manufacturing a semiconductor device according to claim 6, 
further comprising, after the step (G), the step (b) of thermally oxidizing a portion of the 
non-monocrystal layer that protrudes from the surface of the substrate in an element forming 
region to form a silicon oxide film. 

10. A method for manufacturing a semiconductor device according claim 9, 
wherein the silicon oxide film is removed at the same time as the step (G). 

11. A semiconductor device comprising trench element isolation regions, 
wherein at least one of the trench element isolation regions includes a trench oxide film 
formed on a surface of a substrate that forms a trench, and a trench insulating layer formed 
in the trench, wherein an etching stopper layer is formed such that a surface of the trench 
oxide film on a side wherein the trench insulating layer is formed is not exposed. 
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12. A semiconductor device comprising trench element isolation regions, 
wherein at least one of the trench element isolation regions comprises: 

a trench oxide film formed on a surface of a substrate that forms a trench, 
a trench insulating layer formed in the trench, and 

an etching stopper layer formed between the trench oxide film and the trench 
insulating layer. 

13. A semiconductor device according to claim 1 2, wherein the etching stopper 
layer is formed from a material having a selective etching ratio of the insulating layer to the 
etching stopper layer of at least ten (10) when an etchant including hydrofluoric acid is used. 

1 4. A semiconductor device according to claim 1 2, wherein the etching stopper 
layer is formed on a surface of the trench oxide film. 

15. A semiconductor device according to claim 1 2, wherein the etching stopper 
layer comprises a silicon nitride layer. 

1 6. A semiconductor device according to claim 12, wherein the etching stopper 
layer is a silicon nitride layer having a thickness of 10 - 50 nm. 

1 7. A semiconductor device according to claim 12, wherein the etching stopper 
layer comprises a non-monocrystal silicon layer. 

1 8. A semiconductor device according to claim 12, wherein the etching stopper 
layer is a non-monocrystal silicon layer having a thickness of 20 - 50 nm. 
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1 1 9. A semiconductor device according to claim 18, wherein the non-monocrystal 

2 silicon layer is selected from the group consisting of a polycrystal silicon layer, an 

3 amorphous silicon layer or a multiple layer having a polycrystal silicon layer and an 

4 amorphous silicon layer. 

1 20. A semiconductor device according to claim 1 1 , wherein the etching stopper 

2 layer is formed from a material having a selective etching ratio of the insulating layer to the 

3 etching stopper layer of at least ten (10) when an etchant including hydrofluoric acid is used. 

1 2 1 . A semiconductor device according to claim 1 1 , wherein the etching stopper 

2 layer comprises a silicon nitride layer. 

1 22. A semiconductor device according to claim 1 1 , wherein the etching stopper 

2 layer is a silicon nitride layer having a thickness of 1 0 - 50 nm. 

1 23 . A semiconductor device according to claim 1 1 , wherein the etching stopper 

2 layer comprises a non-monocrystal silicon layer. 

1 24. A semiconductor device according to claim 1 1 , wherein the etching stopper 

2 layer is a non-monocrystal silicon layer having a thickness of 20 - 50 nm. 

1 25. A semiconductor device according to claim 24, wherein the non-monocrystal 

2 silicon layer is selected from the group consisting of a polycrystal silicon layer, an 

3 amorphous silicon layer or a multiple layer having a polycrystal silicon layer and an 

4 amorphous silicon layer. 



24 



U.S. Express Mail No. EL484106485US 



15.20/5332 



1 26. A method for manufacturing a semiconductor device, comprising: 

2 forming a trench comprising a lower surface and two side surfaces in a substrate 

3 comprising silicon; 

4 forming a trench oxide layer on the lower surface and side surfaces; 

5 forming an etch stop layer in direct contact with the trench oxide layer on the lower 

6 surface and side surfaces; 

7 filling the trench with an insulating layer directly contacting the etch stop layer, 

8 wherein the insulating layer overfills the trench and extends above the trench as defined by 

9 the two side surfaces; and 

10 etching the insulating layer using an etchant that selectively etches the etch stop layer 

11 at a rate that is slower than that of the insulating layer. 
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ABSTRACT 

Embodiments include semiconductor devices and a methods for manufacturing the 
same that suppress deficiencies in the transistor characteristics. A method for manufacturing 
a semiconductor device includes the steps of (A) forming a polishing stopper layer 14 
having a predetermined pattern over a substrate 10, (B) removing a part of the substrate 
using the polishing stopper layer 14 as a mask to form a trench 16, (C) forming a trench 
oxide film 18 over a surface of the substrate 10 that forms the trench 16, (D) forming an 
insulating layer 21 that fills the trench 16 over an entire surface of the substrate, (E) 
polishing the insulating layer 21 by a chemical-mechanical polishing, (F) removing the 
polishing stopper layer 14, and (G) etching a part of the insulating layer 21 to form a trench 
insulating layer 20. The method further includes the step (a) of forming an etching stopper 
layer 90 for the trench oxide film 1 8 over the trench oxide film 1 8 at least above the trench 
16, and the etching stopper layer 90 is more resistant to etching than the insulating layer 21 
in the step (G). 
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